





Purpose: Dental caries is a largely preventable chronic disease that will affect an estimated 60% of children before they reach the age of 15 years. Community water fluoridation (CWF) has been an effective public health measure in the fight against caries. However, most studies on the benefits of CWF predate the introduction of other modern day caries prevention strategies. Of public health significance, our study sought to determine if CWF continues to be an important caries prevention approach. We sought to determine if drinking fluoridated water correlates with a lower caries prevalence and a lower severity of disease amongst children living in Appalachia.  
Methods: We used cross-sectional data collected for the Center for Oral Health Research in Appalachia etiology study database, including water samples, for children aged 10 years and under. Using statistical software, we analyzed the data to determine whether a correlation exists between water fluoridation and the prevalence of caries. We also assessed the severity of caries as an age-adjusted decayed, missing, and filled tooth surfaces composite score for the primary and permanent dentitions (dfs/DMFS). Accounting for covariates, we used a zero-inflated negative binomial regression model to determine whether drinking fluoridated water lowers the severity of caries.
Results: A total of 544 participants were included in our study and 520 were included in the regression model. The proportion of participants with any caries experience was similar between the fluoridated and the non-fluoridated groups, 47% and 43%, respectively (p-value: 0.31). However, controlling for possible confounders, the age-adjusted rate ratio of dfs/DMFS for children drinking fluoridated water compared to those drinking unfluoridated water was 0.68 [C.I. 0.50-0.92]. In other words, there was a 32% decrease [C.I. 8%-50%] in dfs/DMFS in the participants who drank fluoridated water, compared to their peers who drank non-fluoridated water (p-value: 0.01). 
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Dental decay remains the most common chronic disease of both children and adults.(1) Approximately 60% of children experience dental caries by the age of 15 years and the disease is over five times as prevalent as asthma in this age group.(2, 3)
Community water fluoridation (CWF) is an effective, equitable, and low-cost public health intervention that has been shown to reduce the risk of dental caries. ADDIN EN.CITE (2, 4) However, recent reviews indicate that there is a paucity of contemporary research studying the impact of CWF on caries prevalence. ADDIN EN.CITE (4, 5) Given other modern day caries prevention approaches, the issue of CWF should be reviewed to determine whether it continues to be a valuable and cost-effective prevention strategy.
One aim of our study is to determine if drinking fluoridated water correlates with a lower caries prevalence in Appalachian children of West Virginia and western Pennsylvania. A second aim is to determine whether drinking fluoridated water also correlates with a decreased severity of caries. The study hypothesis is that drinking fluoridated water is associated with lower caries prevalence and lower caries severity in Appalachian children 10 years of age or younger. The overarching purpose of the study is to improve the oral health status of children in Appalachia by identifying factors that contribute to poor oral health in this patient population and by helping guide recommendations for the development and implementation of appropriate caries prevention strategies.
1.1	REVIEW OF LITERATure
It is not surprising that Dr. Regina M. Benjamin, former U.S. Surgeon General, referred to the issue of dental disease as “The Silent Epidemic.”(6) Dental decay is, after all, the most common chronic disease affecting children and adults in the United States. According to a 2005 CDC MMWR surveillance report, 9 out of 10 dentate adults have experienced coronal caries at some point in their lifetime.(7) The disease is also estimated to affect a large proportion of U.S. children. Previous reports indicate that approximately 60% of U.S. children have experienced caries by the age of 15, and some estimates are even higher. ADDIN EN.CITE (2, 5) The total caries prevalence for all youths aged 2-19 years is 43.3%. For children aged 2-5 years, total caries prevalence is around 17.7%, whereas the prevalence for children 6-11 years is 45.2%.(8)  For children between the ages of 12 and 19 years, the prevalence is 53.5%.  Caries in children can affect both the primary and permanent dentitions and 41% of persons aged 2-11 years have caries involving primary teeth. Caries prevalence in permanent teeth is understandably lower in younger children, who have fewer adult teeth, but it rises dramatically as deciduous teeth are lost and replaced with the succedaneous dentition. While the prevalence of caries in permanent teeth is around 10% for kids aged 6 to 8 years, this proportion reaches 42% by the age of 19 years.(7) These estimates are based on caries “experience”, which includes both treated and untreated caries. But it is also valuable to consider separately the percentage of children who live with untreated disease, since it is most likely to result in pain, infection, or tooth loss. For children 2 to 11 years of age, nearly 1 in 4 has untreated tooth decay.(7) The prevalence of untreated caries is 8.8% for younger children (2-5 years of age) compared to 15.3% for youths aged 6-11 years.(8)
Dental caries is a costly disease. In the U.S., the cost of treating dental caries in children less than 5 years of age approximates $1.55 billion per year. ADDIN EN.CITE (9) This is in part due to the added cost of providing treatment under general anesthesia for the very young patients who are unable to tolerate such procedures. If such care is provided in a hospital setting, the cost may exceed $6,000 per child.(10) For patients 5-17 years of age, about 18% of total healthcare dollars are spent on dental care.(2) Following national trends of increasing costs in healthcare, total spending for dental services in children and adults increased by 4.6% to $124.4 billion in 2016.(11)  These trends also impact the pockets of individuals, as consumers are footing 40% of the bill for dental services.(11) It is also notable that approximately one-quarter of U.S. children lack dental insurance.(2) The issue of dental coverage does matter since it impacts a family’s ability to access and/or pay for dental care. 
It may also contribute to existing racial and socioeconomic oral health disparities. It has been reported that Native Americans, Mexican-Americans, non-Hispanic blacks and Hispanics experience higher caries prevalence and disease severity. ADDIN EN.CITE (6, 7, 12) Youths belonging to these populations are more likely to have untreated dental caries, are less likely to seek dental care, and are less likely to receive preventive services than their non-Hispanic white counterparts.(12) In a recent Indian Health Service Data Brief, it was reported that more than half of American Indian and Alaska Native (AI/AN) children aged 1-5 years have experienced tooth decay at some point in their life.(10) The mean number of decayed and filled primary teeth (dft) amongst 2-5 year olds is the highest in the nation for this group, 4 times higher than seen in same-aged white children. The proportion of AI/AN children with untreated disease is also high and affects the very young: 17% of 1 year olds and 34% of 2 years olds have untreated tooth decay. This percentage rises to 43% for AI/AN children aged 3-5 years.(10)
A lower socioeconomic status (SES) is also disproportionately linked to poor oral health in children. Poverty status is inversely correlated with the prevalence of primary tooth decay in young children.(7) Importantly, the prevalence of untreated caries in children of lower SES is twice as high as that of children of higher SES.(2, 13) Children of lower SES are also less likely to receive preventive treatments compared with their higher SES peers, regardless of insurance coverage.(13)
Oral health disparities also affect persons living in the Appalachia Region (AR) of the United States. ADDIN EN.CITE (14-17) The AR includes the entire state of West Virginia (WV), as well as portions of 12 other states along the Appalachian range: Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, Ohio, Pennsylvania (PA), South Carolina, Tennessee, and Virginia. It is home to 25 million people and 42% of this population lives in rural areas.(18)  Of particular interest to the present study are the Appalachian Region of western Pennsylvania (PA AR) and West Virginia. In a 2018 comparison of 25 key measures linked to dental health across all states and the District of Columbia, WV was ranked 48th overall while the state of PA was ranked 29th.(15) WV came in last when looking at 8 measures of oral health and the direct social impact of poor oral condition, such as the proportion of elderly individuals who are edentulous, the percentage of adults who have experience dental pain, or the percentage of the population who have reduced their social participation or who report work absenteeism due to dental issues. According to Oral Health America, both WV and PA rank poorly in terms of oral health.  In West Virginia, the proportion of older adults with severe tooth loss is 57.5%, compared to 40.7% in PA and 36.7% for the nation as a whole.(16)
AR children may also suffer from poor oral health. In a recent study, disparities in caries prevalence were found in both the primary and permanent dentitions of schoolchildren living in the Appalachian region of Pennsylvania compared to their non-Appalachian Pennsylvanian peers. The extent of primary tooth caries was also more severe in the Appalachian group.(17) However, in a 2010 oral health survey of 1,093 West Virginian schoolchildren, the proportion of kindergarteners and third graders with caries experience was no worse than noted for the nation as a whole, or 28% and 42%, respectively.(19) The percentage of children with untreated dental decay was 20% for the kindergarten group and 17% for the sample of third graders.
The poverty rate is higher in the AR compared to the U.S. as a whole, 17.1% compared to 15.5%.(20) In WV, the per capita income is $26,392, whereas the U.S. average per capita income is $39,778. In Pennsylvania, the per capita income for the AR portion of the state is almost $6,000 less than the state average.(20)  Persons of the AR, as a whole, spend a greater percentage of their personal income on health-related costs (close to 25%) compared to the rest of the nation (20%).(21) This, in turn, has ramifications on the economic development of the region. The AR also lags in academic achievement. While the high school graduation rates in AR areas are similar to that of the U.S. as a whole, the percentage of individuals graduating from college is 24% less than in the remainder of the nation.(21) However, it should be noted that different counties and communities within the AR region can vary widely in terms of financial and educational standings. 
As part of a 2012 comprehensive report, the Appalachian Region Commission (ARC) evaluated healthcare costs and access to care disparities in Appalachia. The ARC calculated a Healthcare Cost, Coverage and Access (HCCA) index for each AR state. The calculation was based, in part, on the availability of primary care physicians, specialists, and dentists per 100,000 population. Among AR states, WV had the worst HCCA index, while the AR region of PA fared slightly better, tied for 3rd place from last. Some factors that may restrict access to care in this region include topography, infrastructure, a dispersed rural population, closure of hospitals, state licensure requirements, clinician and allied health expanded function restrictions, clinician mix, and clinician recruitment.(14)
Of the many preventive measures that have been introduced to address the caries epidemic in the U.S., most involve the use of fluoride. Exposure to fluoride is beneficial against caries at all stages of life.(7) Ingestion of fluoride during the mineralization stage of tooth development results in incorporation of fluoride ions into the enamel crystals, rendering the crystalline structure more caries resistant.(22) The National Research Council Committee on Diet and Health has declared fluoride as the most effective dietary component against caries.(23) While there are benefits of ingesting fluoride during tooth mineralization, the mineral also exerts topical effects that reduce caries prevalence across all age groups.(24)  The mechanisms by which topical fluorides reduce the risk of caries are complex, but involve enhanced remineralization of damaged enamel surfaces, formation of larger fluorapatite crystals that are more resistant to bacterial acid dissolution, and by disruption of bacterial enzymatic systems that convert sugars into acids.(23, 25)
The benefits of fluoride were accidently discovered by Dr. Frederick McKay, a dentist in Colorado Springs, at the beginning of the 20th century. ADDIN EN.CITE (4) Levels of water fluoride in this area were naturally quite high, up to 12.2 parts per million (ppm) or milligrams per liter. What McKay discovered was in fact fluorosis, a white to brown mottling of teeth that can affect individuals exposed to high levels of fluoride during childhood. But he also noted that patients with this condition had caries-resistant dentitions. He suspected that something in the drinking water was responsible for this observed effect, but it wasn’t until three decades later that fluoride was identified as the responsible agent. ADDIN EN.CITE (4)  In the 1930’s and early 1940’s, Dr. H. Trendley Dean of the National Institute of Health pioneered research that established the link between drinking fluoridated water and a decreased incidence of dental caries. Dean found that caries prevalence was 60% lower in young children drinking water containing 1ppm fluoride.(23) Dr. Gerald Cox, Director of Dental Research at the University of Pittsburgh, School of Dental Medicine, was the first to propose addition of fluoride to community drinking water as a public health measure to curb the caries epidemic.(26)   In 1951, sufficient evidence existed in the literature for the Surgeon General of the United States to endorse community water fluoridation (CWF)–at optimal levels-as a means of reducing the burden of dental caries while minimizing the risk of dental fluorosis. The introduction of CWF has been reported as one of the 10 greatest public health achievements of the 20th century. ADDIN EN.CITE (4)
The issue of CWF has continued to attract the attention of researchers over the decades since it was first discovered and introduced as an important public health measure to mitigate dental disease. The conclusions of several studies looking at the efficacy of CWF in the prevention of caries are summarized in two systematic reviews. ADDIN EN.CITE (5, 27)  Both reviews focused on the effects of CWF on the proportion of children without caries as well as on the severity of disease, reported as decayed, missing, and filled teeth indices for primary and permanent dentitions (dmft and DMFT, respectively). First, a review by McDonagh et al., published in 2000, exclusively looked at data from controlled before-after studies and cohort studies in order to assess the efficacy of CWF. CWF was associated with an increase in the total percentage of children without tooth decay, as well as a reduction in the incidence of caries over a time period.(27) Similar findings were reported in the 2015 systematic review by the Community Preventive Services Task Force.(5) This review also focused on prospective controlled studies to evaluate the effects of water fluoridation on the prevention of dental caries. Introducing CWF resulted in a reduction of 1.81 in dmft and 1.61 in DMFT scores, a 35% and 26% reduction in the severity of caries affecting primary and permanent teeth, respectively.  Furthermore, the proportion of children without caries increased by 15% (primary teeth) and 14% (permanent teeth) in areas that introduced CWF. The review found insufficient data to determine whether fluoride is effective at preventing dental caries in adults. Of note, the authors of the study report that the majority of studies included in their review were published before 1975, before widespread use of fluoride-containing toothpaste. They indicate a need for more contemporary studies into the efficacy of CWF that take into account multiple sources of fluoride and other caries preventive measures.(5)  While prospective controlled studies are superior in assessing efficacy, well-designed cross-sectional studies can also provide valuable information related to caries prevalence and disease severity for groups with and without CWF. ADDIN EN.CITE (4) One review incorporating cross-sectional studies found differences of up to 59% and 49% in caries prevalence (reported as dmft and DMFT) in groups drinking optimally fluoridated water compared to non-fluoridated groups. ADDIN EN.CITE (4) One 2017 study of children 8 to 11 years of age living in South Korean communities found that those with CWF had significantly lower dental caries prevalence than similarly aged children living in non-fluoridated areas. ADDIN EN.CITE (28) Currently, approximately three-quarter of U.S. community water systems have the recommended levels of fluoride. ADDIN EN.CITE (4)
The impact of other sources of fluoride, dental habits, and occlusal sealants on the incidence and prevalence of caries should also be considered when assessing the importance of CWF in modern societies.  Solid evidence has established the benefits of topical fluorides (varnishes, gels, toothpaste) in preventing caries. ADDIN EN.CITE (29-33)  In one meta-analysis of 70 randomized, or quasi-randomized, controlled trials involving a total of 42,300 children, researchers found that use of fluoridated toothpaste helped prevent 24% of the permanent tooth caries experienced annually by children aged 5-16 years.(30) The benefit of using fluoridated toothpaste was greater in populations with higher baseline caries experience. The effect was further enhanced by higher fluoride concentration in the toothpaste, higher brushing frequency, and adult supervision during brushing. The beneficial effect of using fluoride toothpaste existed regardless of CWF status. These findings were further corroborated in a 2009 review.(31) It should be noted that, due to limited data, researchers in one review were unable to determine whether use of fluoride-containing toothpaste also reduces the risk of caries in the primary dentition.(30) However, a subsequent systematic review showed that, for populations at high risk of developing caries, use of fluoride toothpaste does exert a caries-preventive effect on the primary teeth of children aged 6 and under.(32)  
The effects of fluoride concentration in toothpaste and toothbrushing frequency on caries experience were independently assessed in 2 separate systematic reviews. ADDIN EN.CITE (34, 35) Walsh et al. looked at the effectiveness of toothpaste containing varying concentrations of fluoride on dental caries prevention in children 16 years and under. For toothpaste concentrations between 440-550 ppm, no statistically significant differences were observed in caries prevention in permanent or mixed dentitions. At concentrations between 1000-1250ppm and between 2400-2800ppm, there was a 23% increase and a 36% increase in prevented caries, respectively. Therefore, use of fluoridated toothpaste at concentrations above 1000pm significantly reduces the risk of caries.  For the primary dentition, results of varying fluoride concentrations on caries prevention could not be adequately assessed, based on the studies included in their review.(35) Kumar et al. looked at the effect of toothbrushing frequency on caries incidence and increment. Their systematic review of 33 studies found that the odds of developing caries was 50% greater in infrequent brushers compared to frequent brushers. The benefits of increased frequency of brushing were similar, regardless of whether the brushing frequency was set at less than once per day versus at least once a day (odds ratio: 1.50) or less than twice per day versus 2 or more times per day (odds ratio: 1.45). The odds of developing caries in infrequent brushers was greater in the primary dentition compared to the permanent dentition. ADDIN EN.CITE (34)
Professionally-applied fluoride gels and varnishes are also effective at reducing caries in primary and permanent teeth. According to a 2014 Center for Disease Control MMWR report, fluoride gel applications were associated with a more than 25% reduction in permanent tooth decay, while fluoride varnishes reduced caries by almost 50% for permanent teeth and by about one-third for the primary dentition.(2) Braun et al. looked at the effectiveness of a medical provider-based fluoride varnish application program on the prevalence of early childhood caries amongst low-income youths treated at federally-qualified health centers in Denver, CO. They found that children in the post-program implementation group showed significantly lower dmft scores than children in the before or mid- implementation groups. Community water fluoride levels were within the recommended range for all groups. ADDIN EN.CITE (9) In another study, application of fluoride varnish made little difference in the prevalence of caries in children at an already low risk of caries compared to low-risk children in the no fluoride varnish group.(36) While researchers have reported a slightly higher benefit of professionally-applied fluoride varnishes compare to other types of topical fluorides, there does not appear to be a statistically significant difference in benefit between topical fluoride agents. ADDIN EN.CITE (29, 33)  However, there is good evidence to support that combinations of topical fluoride agents may be more effective than a single agent at preventing or reducing tooth decay.(33)
Ingested fluoride, other than CWF, including supplements (e.g. drops or tablets) and fluoridated milk, have also been used as preventive strategies in the fight against tooth decay. Two recent Cochrane reviews looked at the benefits of systemic fluorides in the prevention of dental caries in children. ADDIN EN.CITE (37, 38)  In one review, they found a 24% reduction in permanent tooth DMFS scores for children who had taken dietary fluoride supplements for at least 2 years. The authors could not determine if the use of fluoride supplements had any beneficial impact on caries for primary teeth.(37) Another review focused on the use of fluoridated milk to reduce caries. While the authors conclude that drinking fluoridated milk might reduce the risk of caries in the primary and permanent teeth of children, the review only included one randomized controlled trial involving 166 participants. Another review of milk fluoridation, based on the result of 2 studies, also concluded that it may be beneficial in preventing or reducing caries.(33) More research would be needed to increase the strength of the evidence.(38) Ingestion of fluoridated milk by mothers during pregnancy was not associated with a statistically significant difference in the caries risk ratio for the offsprings at 3 years, compared to a placebo group.(39)
Non-fluoride-based preventive measures have also proved useful in preventing tooth decay. Dental sealants are glass-ionomers or resin-based materials that are applied to the occlusal surfaces of permanent molars. They may reduce the prevalence of pit and fissure caries by more than 80%, and as much as 100%, as long as the seal remains intact. ADDIN EN.CITE (2, 40) While sealants are effective at preventive caries, they are more costly than topical fluorides. One randomized controlled trial looked at the effectiveness of dental sealants versus fluoride varnish applications on the incidence of first permanent molar caries in school children. ADDIN EN.CITE (41) In this 3-year study, sealants were applied at baseline and maintained at 6 month recalls. In the control group, fluoride varnish was applied at the start of the study, then every 6 months. The authors found a somewhat greater percentage of caries-free first permanent molars in the varnish group compared to the sealant group, however the difference was not statistically significant. Given that the cost of fluoride varnish is significantly lower, they recommend fluoride varnish as an equally effective cheaper alternative. 
So, given alternative preventive approaches in modern-day society, does CWF still play an important role in the fight against caries? In 2007, the Australian National Health and Medical Research Council commissioned a contemporary systematic review on the efficacy and safety of fluoride.(33) The review included 77 studies published since 1996. They found a significantly lower proportion of children with caries and lower dmft and DMFT scores in children who drank fluoridated water, compared to those without CWF. The authors of the review conclude that “fluoridation of drinking water remains the most effective and socially equitable means of achieving community-wide exposure to the caries prevention effects of fluoride.” This sentiment was echoed by the National Preventive Dentistry Demonstration Program, who conducted a cohort study looking at the impact of clinical and school-based interventions in children drinking optimally fluoridated water compared to same-aged peers in non-fluoridated communities. They found that CWF was the most effective strategy in reducing the risk of caries. ADDIN EN.CITE (4)
Based on these findings, we hypothesize that the prevalence of dental caries will be lower in Appalachian children of West Virginia and western Pennsylvania that drink fluoridated water compared to peers drinking water that does not contain fluoride. We further hypothesize that the extent (severity) of caries will be less in children who drink fluoridated water compared to those children do not. The overarching purpose of our study is to improve the oral health status of children in Appalachia by identifying factors that contribute to poor oral health in this patient population and by helping guide recommendations for the development and implementation of appropriate caries prevention strategies.
2.0 	METHODOLOGY/DESIGN
The methodology and design of our study are detailed below.
2.1.1	Institutional Review Board Exemption
A University of Pittsburgh Institutional Review Board (IRB) exemption was obtained (IRB number: PRO18020258) prior to commencement of the study.
2.1.2	Study Hypotheses 
The two hypotheses for this study were as follows: 
1. Drinking fluoridated water is associated with a lower caries prevalence in Appalachian children aged 10 and under, compared to the prevalence of caries in same-aged peers drinking non-fluoridated water
2. Drinking fluoridated water is associated with a lesser severity of caries in Appalachian children aged 10 and under, compared to same-aged peers drinking non-fluoridated water.
2.1.3	Methods
We used a cross-sectional study design to test our hypotheses. The source of data for this study was the Center for Oral Health Research in Appalachia (COHRA) etiology study database. Data were analyzed using SAS 9.4 statistical software to determine whether drinking fluoridated water was linked to caries prevalence and severity. Detailed information as it relates to our data source, our study variables, and the statistical analysis, are outlined below. 
COHRA Etiology Study:  The protocol for the COHRA etiology study has been previously described.(42)  Data collection took place from 1/3/2003 to 11/23/2009.  Families with at least one child and one parent living together, regardless of the biologic relationship, were recruited to participate in the study. Excluded from the study were individuals with a severe disability, neurological impairment, psychosis, or significant immune compromise. Data were collected from interviews and questionnaires, and water samples were obtained from the family’s place of residence. A thorough caries exam was also performed on each participant. Each tooth surface was examined for the presence of caries, using a standard classification model developed by the World Health Organization in 1979. Restored tooth surfaces were also noted along with the presence of recurrent decay, if applicable. Dental providers that performed the caries assessment were carefully calibrated prior to, as well as during, the course of data collection. 






Table 1. County Demographic Information
County demographics	Population(total)	Population(≤ 14 yrs) 	Median householdincome 	% living in poverty	EducationHS (high school)B (bachelor’s)	Race/ethnicityW (white, non-H)B (black, non-H)H (hispanic)AI (American Indian)
Allegheny (PA AR)	323,405,935	61,039,860	$54,357	12.7	≥ HS: 93.9%≥ B  : 39.1%	W: 62.0%B:  12.3%H:  17.3% AI: 0.7%    
McKean (PA AR)	41,883	6,681	$44,023	17.1	≥ HS: 89.6%≥ B  : 17.0%	W: 93.3%B:  2.8%H:  2.2% AI: 0.3%    
Nicholas (WV)	25,311	4,313	$39,901	17.6	≥ HS: 83.7%≥ B  : 15.3%	W: 97.2%B:  0.3%H:  0.8% AI: 0.3%    
Washington (PA AR)	207,981	33,527	$57,534	10.1	≥ HS: 91.8%≥ B  : 28.1%	W: 92.4%B:  3.2%H:  1.7% AI: 0.2%    
Webster (WV)	8,646	1,443	$29,982	27.2	≥ HS: 73.9%≥ B  : 9.2%	W: 97.3%B:  0.5%H:  0.7% AI: 0.1%    
All information based on U.S. Census 2016 estimates (www.factfindercensus.gov (​http:​/​​/​www.factfindercensus.gov​))

Excluded from our analysis were children who had not lived at the same address since birth, as well as children who did not routinely drink tap water at home. 
Study Variables: 
Dependent variable: The dependent variable in this study was caries, measured as the decayed, missing (permanent teeth only), and filled surfaces composite score for both the primary and permanent dentitions (dfs/DMFS). 
Independent variable: The independent variable was the level of fluoride in the drinking water. We set the threshold for classifying water as fluoridated at 0.5 parts per million (ppm, or mg/L) and above. This threshold value is slightly below the current recommendations for optimal fluoride concentration, 0.7 ppm, but it is similar to the threshold established by other studies on the effects of water fluoridation. ADDIN EN.CITE (4, 27)
Confounding variables: Confounding variables are factors that could independently impact dfs/DMFS score and may covary with water fluoridation level. The following variables were also included in the analysis. 
	Access to internet: Did the family have access to the internet as a source of health-related information? This variable is binary (yes/no).
	Age: The age was reported in years.
	Annual household income: Household income was categorized into 4 groups: poverty (<$25,000), lower middle class ($25,000-$49,999), middle class ($50,000-$99,999), and upper middle class or higher (≥ $100,000). The poverty level cut-off value was based on U.S. federal poverty levels during the period of the COHRA study data collection, with selection of the closest value on the questionnaire. Note that the income categories were limited by the fixed questionnaire income choices offered to participants.
	Breastfeeding: The history of breastfeeding was measured as a binary variable (yes/no).
	Brushing frequency: Since toothbrushing frequency has been reported to impact caries rate, we sought to consider this information in our analysis. Frequency of brushing was determined based on 3 categories: less than once a day, once a day, or more than once a day.
	Fluoride supplements: A history of fluoride supplementation during early childhood was measured as a binary variable (yes/no).
	Last dental visit: The questionnaire offered 6 possible time frames since the child’s last dental visit. We were interested in whether participants were likely to have received routine dental care or not. As such, the information was re-grouped into 3 categories: never saw a dentist, saw a dentist less than one year ago, or saw a dentist more than one year ago.
	Medications use: Xerostomia is a common side effect of medications that can influence development of caries. This was measured as a binary (yes/no) variable.
	Parent education: Total years of parent education was also considered in our analysis. This variable consisted of 5 categories: < 12 yrs, 12 yrs (high school graduate), 13-15 yrs, 16 years (college graduate), and > 16yrs.
	Toothpaste use: Fluoride toothpaste use was measured as a binary variable (yes/no).
	Due to significant missing or inconsistent data, the following variables were excluded from the analysis: reason for last dental visit, dental insurance information, and flossing and mouthwash use. An extremely low number of participants reported a history of orthodontic treatment (n=3), rendering this variable inconsequential. As such, it was also excluded from the analysis
Statistical analysis: 
SAS 9.4 statistical software was used for data analysis. For the purposes of our analysis, the dfs/DMFS scores were age-adjusted. To assess caries prevalence, we evaluated the proportion of children with any caries (dfs/DMFS score > 0). A t-test was used to determine if water fluoridation status correlated with caries prevalence.  To assess the severity of the disease, we looked at the age-adjusted dfs/DMFS scores for children within the fluoridated group, compared to those within the non-fluoridated group. A zero-inflated negative binomial regression model was used to determine if the dfs/DMFS was influenced by other variables and to account for overdispersion and a high number of zero dfs/DMFS scores. The rate ratio was calculated as the total age-adjusted dfs/DMFS in those who drink fluoridated water, divided by the total age-adjusted dfs/DMFS in those drinking non-fluoridated water. P <0.05 was considered to be statistically significant.
3.0 	RESULTS
3.1.1	Study Population
A search of the COHRA database revealed a total of 1,511 children aged 10 years and under. Of those, 544 had available home water sample information indicating the amount of fluoride in the drinking water. Approximately two-thirds of participants had been drinking water with fluoride (66%), compared to 34% of participants who drank non-fluoridated water (< 0.5ppm). 






Table 2. General Characteristics of Study Population
	Overall(n=544)	Fluoridated (n=360)	Non-fluoridated (n=184)	P-value
Child Age (mean and standard deviation)	5.1 ± 3.0	5.0 ± 2.9	5.2 ± 3.0	0.48
				
Child Sex				
    Male	285 (52.4)	197 (54.7)	88 (47.8)	0.13
    Female	259 (47.6)	163 (45.3)	96 (52.2)	
				
County				<0.01
    Allegheny (PA)	78 (14.5)	73 (20.4)	5 (2.8)	
    Fayette (WV)	1 (0.2)	1 (0.2)	0 (0.0)	
    McKean (PA)	53 (9.9)	2 (0.6)	51 (28.3)	
    Nicholas (WV)	210 (39.1)	168 (47.0)	42 (23.3)	
    Washington (PA)	111 (20.7)	68 (19.0)	43 (23.9)	
    Webster (WV)	85 (15.8)	46 (12.9)	39 (21.7)	
				
Income				
    <$25,000	270 (49.6)	189 (52.5)	81 (44.0)	<0.01
    $25,000-$49,999	193 (35.5)	129 (35.8)	64 (34.8)	
    $50,000-$99,999	70 (12.9)	32 (8.9)	38 (20.7)	
    $100,000 +	11 (2.0)	10 (2.8)	1 (0.5)	
				
Education				0.48
    < 12 yrs	47 (8.6)	35 (9.7)	12 (6.5)	
    12 yrs (HS)	168 (30.9)	116 (32.2)	52 (28.3)	
    13-15 yrs	192 (35.3)	124 (34.4)	68 (37.0)	
    16 yrs (College)	74 (13.6)	47 (13.1)	27 (14.7)	
    >16 yrs	63 (11.6)	38 (10.6)	25 (13.6)	
				
Last saw dentist				0.87
    Never	170 (32.2)	113 (31.8)	57 (33.1)	
    Less than 1 yr ago	318 (60.2)	217 (61.0)	101 (58.7)	
    More than 1 yr ago	40 (7.6)	26 (7.3)	14 (8.1)	
				
Child uses toothpaste				0.42
    Yes	505 (95.3)	342 (95.8)	163 (94.2)	
    No	25 (4.7)	15 (4.2)	10 (5.8)	
				
Internet access				<0.01
    Yes	335 (62.3)	201 (56.5)	134 (73.6)	
    No	203 (37.7)	155 (43.5)	48 (26.8)	
 
Approximately one-half of our participants lived in poverty (270/544, or 49.6%). Of those living in poverty, 70.0% drank fluoridated water (p-value: <0.01). Educational achievement was similar between the 2 groups. With regards to internet access in the home, 62.3% of the total study population had internet access. A greater percentage of children who drank non-fluoridated water (73.6%) lived in homes with access to the internet, compared to 56.5% of those living in fluoridated homes (p-value: < 0.01). There were no differences in fluoridation status with respect to the use of toothpaste or the last dental visit. The majority of participants, about 95%, use fluoride toothpaste, regardless of CWF status.
3.1.2	Statistical Analysis Results
The total prevalence of children with any caries experience (treated and/or untreated) in our study population (dfs/DMFS > 0) was 46%. The relationship of dfs/DMFS scores with age is shown in Figure 1. In this scatterplot, darker circles indicate an aggregate of participants with the same dfs/DMFS. In our population, the dfs/DMFS scores are noticeably lower in participants aged 3 and under.

Figure 1. Scatterplot of total dfs/DMFS scores by age

When comparing fluoridated versus non-fluoridated groups, the proportion of children with caries was near equivalent between the two groups, 47% and 43%, respectively (p-value: 0.31). A two-group independent t-test showed that the mean number of dfs/DMFS for all individuals within the non-fluoridated group was 4.3 compared to 3.3 for the fluoridated group (p-value: 0.14). Due to missing covariates, 24 of the 544 participants were excluded from the regression analysis. Controlling for possible confounders, the age-adjusted rate ratio of dfs/DMFS for those with caries who drank fluoridated water compared to those with caries drinking water with little or no fluoride was 0.68 [C.I. 0.50-0.92]. In other words, after adjusting for our baseline covariates, there was a 32% decrease [C.I. 8%-50%] in the number of decayed, missing, and filled primary and permanent tooth surfaces in the participants who drank fluoridated water, compared to their peers who drank non-fluoridated water (p-value: 0.01). Results of the regression analysis are shown in Table 3.






Fl 1 vs 0	0.6772	0.4978	0.9213	-0.3897	0.1570	0.05	-0.6975	-0.0820	6.16	0.0131
Exp(Fl 1 vs 0)	 	 	 	0.6772	0.1063	0.05	0.4978	0.9213	 	 
4.0 	DISCUSSION
CWF is a safe and effective public health intervention that is low-cost and can equally benefit individuals across all socioeconomic groups. ADDIN EN.CITE (4) The results of our study continue to support CWF as an important public health measure against caries. While the proportion of children 10 years and under with any caries experience (dfs/DMFS > 0) did not vary significantly between the 2 groups, the severity of the disease was significantly less for participants who drank fluoridated water compared to peers drinking non-fluoridated water. Disease severity was measured as the number of decayed, missing, and/or filled tooth surfaces. We chose to evaluate the number of diseased tooth surfaces, instead of the number of decayed, missing, or filled teeth (dft/DMFT), as we believe this is a more accurate way to assess the extent of caries. 
Our study does have several limitations that must be highlighted. This is a cross-sectional study that measures variables at a single point in time. This research design, while informative and valid, is not nearly as robust as a randomized controlled trial, or a before-after cohort design, to assess the efficacy of fluoride in preventing caries. We sought to adjust for variables that could impact the dfs/DMFS score, but 41 participants in our study were missing toothbrushing frequency information. Rather than excluding a significant number of participants from our analysis, or completely omitting a potentially important confounding variable, we opted to impute the missing information in order to maintain these children in the analysis. Imputing missing information can introduce bias. Another limitation of our study is that participants were recruited from the community. The possibility that families who chose to participate are somehow different than those who did not cannot be entirely excluded. Self-reporting bias may also be an issue for our covariates, since data for those variables were obtained from questionnaires. Finally, several variables were incorporated into our regression analysis and overfitting of the model is a potential problem that could compromise the validity of the results and the reproducibility of the findings.(43)
At present, approximately 75% of U.S. public water systems are optimally fluoridated. ADDIN EN.CITE (4)  One goal of the Healthy People 2020 initiative is to increase this proportion to near 80%. According to Oral Health America, over 90% of community water systems in WV are fluoridated at the recommended levels, in contrast to 54.6% for the state of PA.(16) Sixty-six percent of our study participants drank fluoridated water, but the proportion of participants drinking water with fluoride varied significantly between counties: 93.6% (Allegheny County, PA), 80.0% (Nicholas County, WV), 61.3% (Washington County, PA), 54.1% (Webster County, WV), and 3.8% (McKean County, PA). The one participant from Fayette County drank fluoride-containing water. The proportion of public water systems with fluoridation in WV and PA has not changes since 2004.(24) We noted a discrepancy between the proportion of our WV participants with fluoridated water samples and the state fluoridation statistics. We found that one-third of the public water systems in Nicholas County are not fluoridated. In Webster County, all community water systems are fluoridated.(44) One possible explanation is that a number of children residing in that county live in rural areas and are drinking non-fluoridated groundwater.
Regulations related to water fluoridation vary by state. In some areas, such decisions are left up to the municipalities or local agencies. For example, in PA, decisions to fluoridate are left up to the communities served by individual water systems. Concerns over the safety of CWF, whether evidence-based or not, can have significant emotional impact on the public, as well as decision-makers, and are an important reason why many communities opt not to fluoridate their public water systems. 
One concern is the risk of dental fluorosis for children who ingest fluoridated water during the mineralization stage of tooth development. In the mid-twentieth century, Dean reported that the minimum threshold concentration for endemic fluorosis was 1 to 1.5 ppm.(45) In 2005, the CDC reported the prevalence of fluorosis in individuals aged 6-39 years to be 23%. This included cases with any fluorosis.(7) But fluorosis can vary widely in severity from “questionable”, to barely noticeable white specks on enamel, to severe brown mottling of teeth.(7) Many studies report fluorosis as a binary variable (fluorosis vs no fluorosis). Yet, the degree of fluorosis certainly matters, since there would be a wide discrepancy in the esthetic concerns related to very mild, compared to severe, fluorosis. One systematic review reported the risk of “esthetically-objectionable” dental fluorosis at fluoride levels of 0.7ppm to be around 12%.(5)  Another review reported similar findings, with a prevalence of “objectionable fluorosis” of 12.5% for 1ppm water fluoride concentration.(27)  A third systematic review found the risk of “esthetically objectionable fluorosis” with CWF to be 4 times greater than in non-fluoridated communities.(33) The designation “esthetically-objectionable” was not clearly defined in any of those reviews and the authors failed to specify whether the enamel changes were objectionable to the patients or deemed “esthetically-objectionable” solely by the dental examiners. This discrepancy was highlighted in one recent study that looked at the prevalence and severity of fluorosis in children aged 11-14 years who drank fluoridated water, compared to peers without CWF.(46) They used high resolution digital images to score the fluorosis. Fluorosis of “potential esthetic concern” was relatively low, but higher in the fluoridated group (10%) than in the non-fluoridated group (2%). However, the esthetic satisfaction scores for the 2 groups were equivalent. In other words, the children from the CWF group were not more dissatisfied with the appearance of their teeth than the children from the non-CWF group. It would also be interesting to compare esthetic satisfaction scores of children with fluorosis versus those with dental decay, but to our knowledge, no such study has yet been published.
The risk and severity of fluorosis is directly related to the fluoride concentration in drinking water. The higher the concentration of fluoride, the higher the likelihood of severe fluorosis. The recommended CWF fluoride concentration for optimal caries prevention benefits, with a minimal risk of fluorosis, is 0.7ppm. The Environmental Protection Agency (EPA) is responsible for setting the standards related to drinking water safety and for regulation of fluoridated community water systems.  The U.S. prevalence of severe dental fluorosis at fluoride levels of less than 2ppm is near zero. ADDIN EN.CITE (4)
While CWF is an important risk factor for fluorosis, other sources of fluoride could potentially increase the incidence and/or severity of fluorosis, such as fluoride supplements, fluoridated milk, or topical fluorides (e.g. toothpaste, gels, varnishes). ADDIN EN.CITE (7, 33)  The percentage of participants with mild fluorosis in one review was 41% in the CWF group and 32% in the non-CWF group, possibly due to exposure to other sources of fluoride.(46) One review found an increase in mild fluorosis with milk fluoridation, but no increase in “objectionable” fluorosis associated with either milk or topical fluorides.(33) They also reported a paucity of studies looking at the impact of multiple combined sources of fluoride on the prevalence of objectionable fluorosis.
Some studies have looked into other possible health effects associated with fluoride ingestion, including neurotoxicity, skeletal anomalies, and cancer. Choi et al reviewed and analyzed 27 epidemiological studies that compared IQ scores, or other measures of cognitive function, of children exposed to low levels of fluoride in drinking water (or from coal burning) with those of children exposed to high fluoride levels. While they report a small, but statistically significant decrease in IQ scores (-0.45) in children with high fluoride exposures compared to children from the reference populations, there are several points to keep in mind when interpreting the results of the review: the fluoride levels in the drinking water for some studies were as high as 11.5ppm,  other potential neurotoxic contaminants (e.g. lead) were not fully accounted for, the differences may be within the margin of error for IQ testing, and some studies included in the review had serious deficiencies or were of poor quality.(47) These factors seriously limits the conclusions that can be drawn. Two recently published studies also looked at a possible link between fluoride in drinking water and intelligence. ADDIN EN.CITE (48, 49)  The first study included 149 children aged 6-18 years in one region of India with ground water fluoride concentrations >2ppm during the dry season. The author reports a significant negative correlation between the severity of dental fluorosis and IQ and between urinary fluoride levels and IQ (measured using the Combined Raven’s Test for Rural China, 1989). The fluoride exposure dose correlated with urinary fluoride concentration. ADDIN EN.CITE (48) In the second study, a cross-sectional design was used to study the possible adverse effects of fluoride in drinking water for two villages in West Bengal, India.(49) The fluoride levels in the water were reported to range from 0.33ppm to 18.08ppm. The total sample size was 40 children aged 10-14 years, 18 from the high fluoride area and 22 from the low-fluoride area. They used a Z-test to compare the intelligence levels of the children from the 2 groups. The authors report significantly lower intelligence scores (Z = 2.59) in the high fluoride group, but the study has significant flaws that undermine the conclusions stated by the authors. For one, there is no mention of age-adjustment of the intelligence scores, which would likely matter for children of different ages, nor are we told of the age distribution of the children in the 2 groups. Also, the sample size seems quite small. Furthermore, the fluoride concentration in the high fluoride group is more than 2500% of the optimal dose recommended by the FDA for CWF. Finally, they did not account for other factors that could have affected intelligence levels in their study population (including water pollutants). It is not possible to establish a cause-effect relationship in either study. And it also seems absurd to compare the potential health effects of drinking water with grossly elevated levels of fluoride to those that may be associated with drinking optimally fluoridated water. Regardless, recent reviews have found no evidence to support a link between CWF and decreased intelligence. ADDIN EN.CITE (4, 27, 33)
One of the above mentioned studies also found increased rates of skeletal fluorosis in the population with fluoride concentrations above 5ppm.(49) Skeletal fluorosis is a condition that can cause bone pain and deformities. It can affect both children and adults. This condition is endemic in areas of the world with naturally occurring high fluoride concentrations in the drinking water. However, skeletal fluorosis is rare in the United States and reported cases are typically linked to unusual behaviors, such as inhalation abuse of difluoroethane-containing computer cleaner or excessive daily consumption of tea made with 100-150 tea bags. ADDIN EN.CITE (50-52)  To the best of our knowledge, there have not been any reported cases of skeletal fluorosis associated with drinking optimally fluoridated water. An increased susceptibility to bone fractures has also been raised as a possible adverse health effect of fluoride. Review of the current evidence suggests that CWF is not associated with an increased risk of bone fracture. ADDIN EN.CITE (4, 33) In fact, optimal water fluoridation may be associated with a decreased risk of skeletal fractures.(33)
Claims that CWF could be associated with an increased risk of cancer, such as osteosarcoma, have also been refuted in systematic reviews. ADDIN EN.CITE (4, 33) These reviews have found no evidence to support a link between CWF and osteosarcoma or increased mortality. In fact, other than an increased prevalence of fluorosis that may or may not be esthetically objectionable, there is no convincing evidence that CWF is associated with any adverse health effects. ADDIN EN.CITE (4, 27, 33)
Despite the evidence, anti-fluoride sentiments still persist. This is perhaps due, in part, to the scientific community doing a poor job of communicating findings related to the benefits and safety of CWF. ADDIN EN.CITE (4) While most scientists and healthcare providers are likely to understand published scientific studies and statistical data, laypersons may lack the skills and knowledge necessary to appropriately interpret the validity of the findings published in some studies. For example, individuals might reasonably be disturbed by a study reporting a possible association of neurotoxicity with fluoride, and may ignore significant flaws in the study design or might disregard the fact that the community water in a given study is naturally grossly overfluoridated. Misinformation about the risks and benefits of CWF may also come from the internet, social media, or newspapers. When the emotional impact of a claim is high, it might be easier to make the study results appear valid to the public, regardless of the true scientific validity of those findings. As pointed out in one article, it is important to avoid scientific jargon when addressing the public, and we should avoid using terms that might have a different connotation to a layperson (e.g. “chemical”). ADDIN EN.CITE (4) The meaning of the word “significant” might also be misconstrued by those with low statistical literacy. “Significant” in statistics simply implies that a real difference or relationship exists (or is likely to exist) between two groups or variables, even if the difference in question is quite small and may possibly be clinically insignificant. As a scientific community, we certainly have a responsibility to communicate research findings more effectively. 
Strategies other than CWF are also effective at reducing or preventing dental caries, such as fluoride supplements (e.g., drops), professionally-applied topical fluoride agents (e.g., varnishes, gels), sealants, and brushing with fluoridated toothpaste. ADDIN EN.CITE (2, 29, 30) Fluoride gels and varnishes are effective at reducing caries in both primary and permanent teeth. Fluoride varnishes appear to be somewhat more effective when compared to other topically-applied fluorides, but the increase in benefit is not statistically significant.(29) The ADA recommends twice yearly professional application of topical fluoride for children at risk of caries (2.26% fluoride varnish for children under 6 and 1.23% fluoride gel for children 6 years and older).  The U.S. Preventive Services Task Force also recommends that pediatrician apply fluoride varnish to the teeth of infants and young children and prescribe fluoride supplements starting at age 6 months for young pediatric patients living in non-fluoridated communities.(2)  However, in low-risk populations, fluoride varnish applications may not be a cost-effective preventive measure.(36)
Children should brush their teeth at least twice daily with a 1,000-1,500 ppm fluoridated toothpaste. In our study sample, approximately 95% of participants brushed with fluoride toothpaste, as reported by a parent. Since infants would likely not be using toothpaste, this could account for the remaining 5%. Therefore, use of fluoride toothpaste was likely widespread in our study population, although the proportion may be overinflated due to self-reporting bias.  Brushing once daily significantly reduces the risk of caries. However, increasing the frequency to twice daily further optimizes the benefit. ADDIN EN.CITE (29, 31)  In one systematic review, the authors concluded that brushing infrequently had a worse effect on the primary dentition than in the permanent dentition. ADDIN EN.CITE (34) Parental or caregiver supervision of a child’s toothbrushing also appears to be of benefit in reducing caries risk.(31)  For the very young children, parents should also monitor the amount of toothpaste used to minimize the risk of fluorosis.(32)
Fluoride supplements and milk fluoridation are alternative approaches to providing systemic fluoride to infants who live in non-fluoridated areas. The purpose of systemic fluorides in young persons is to introduce fluoride into the enamel crystalline structure as the teeth are forming and mineralizing, rendering those teeth more resistant to caries. In one systematic review involving 7196 young children, supplements (e.g. drops, lozenges, or tablets) were found to be effective at preventing caries in permanent teeth, but the caries preventive benefits in primary teeth were unclear.(37) This would make sense since primary teeth form and mineralize in utero. The authors found no significant difference in caries reduction when comparing fluoride supplements to topical fluorides or other preventive actions. The effectiveness of fluoride supplements is also dependent on parent diligence in administering the dose as recommended. One review examined the effect of fluoride supplementation during pregnancy on the number of decayed and filled primary tooth surfaces and the proportion of children with caries experience. They found no benefit of this approach in reducing caries risk in young children.(39) Little research exists on the efficacy of fluoridated milk in preventing dental decay. A review found only one unpublished randomized controlled trial of 180 preschool children from a high caries risk population with no CWF. Over a 2 to 3 year follow-up period, children drinking fluoridated milk had significantly fewer decayed, missing, and filled teeth.(38) 
Sealants are thought to reduce the prevalence of pit and fissure caries by about 80%, as long as the seal remains intact.(2) The U.S. Community Preventive Services Task Force strongly encourages school-based sealant programs.(15) Approximately one-quarter of children 5-10 years of age have at least one sealant.(2)  But what is the cost effectiveness of sealants compared to fluoride varnishes? In one randomized controlled trial, after a period of 3 years, there was a greater percentage of caries-free permanent first molars in school children treated with fluoride varnish every 6 months compared to those children who received sealants at baseline that were maintained at 6-month recalls, although the difference was not statistically significant. ADDIN EN.CITE (41)  The cost of varnish applications, however, was significantly lower, thus favoring varnish as an equally effective and cheaper alternative. 
The American Dental Association and the American Academy of Pediatric Dentistry recommend a first dental visit by age 1, but, according to information reported by the CDC, only 7.9% of children aged 0-2 years visited a dentist in 2009.(2) For children, the recommended recall interval for a periodic examination and routine preventive care is every 6 months. Yet, only 43.7% of 3 to 5 yr-olds and 55% of 6-10 yr-olds had visited a dentist and received preventive services (topical fluoride, sealants or both) during that same year. They found no increase in utilization of dental services from 2003 to 2009. Ethnic and socioeconomic disparities were also found, with lower percentages of Hispanics and non-Hispanic blacks below the age of 21 years seeking dental care and receiving preventive services, compared to non-Hispanic whites. Higher household income and level of education of the head of household were also associated with an increased utilization of dental services in the same age group. Additionally, a striking difference was observed in the prevalence of dental visits and receipt of preventive services between those with insurance, those with public insurance, and the uninsured. About half of privately-insured persons 21 and under received dental services, compared to 36.1% of Medicaid/CHIP insured patients and 18.6% of those without any public or private insurance.(2)  Approximately 25% of U.S. children do not have dental insurance or coverage.  Unfortunately, those least likely to visit a dentist and receive preventive services are also most likely to have untreated dental caries.(2)
Many states have school-based sealant programs. This is one effective strategy to prevent caries in a broad population of children, including youths who might be unlikely to visit a dental office for routine preventive services. Since 90% of caries in the pediatric population occur in the pits and fissures of molar teeth, school-based sealant programs appear to be a good public health measure, although, as pointed out earlier, this approach is less cost effective than varnish applications. School-based sealant programs, however, only capture a small percentage of lower income children.(2) 
In the state of PA, school dental programs are offered by many health districts and counties. These include mandated dental examinations, dental hygiene services ranging from an exam and prophy to preventive treatment and dental health education. Some counties also offer fluoride programs (tablets, rinse, or topical fluoride). For the school year 2012-13, almost all PA counties had a mandated dental examination program, including Allegheny, McKean and Washington counties. In addition, McKean County offers a topical fluoride program, while Washington County provides preventive dental services and dental health education through its dental hygiene services program.(53) In WV, the WV Department of Health and Human Resources’ Oral Health Program approaches the issue of oral health from different angles, including: oral health education in schools, school-based sealant programs, free fluoride water testing for private water systems, a school-based sodium fluoride rinse project, as well as a fluoride varnish project to assist and educate non-dental health professionals on caries risk assessment and fluoride varnish application.(54)
As dental professionals, we tend to focus on caries prevention measures that focus on fluoridation, dental services, and oral health habits, but we should not forget the importance of diet in the etiology of caries. The amount of sugar in the diet, particularly candy and sugary beverages, should not be overlooked. We should address this issue early, and educate parents, since higher refined sugar consumption during the first year of life is associated with a significantly increased risk of severe early childhood caries. ADDIN EN.CITE (55, 56) 
There are many benefits of caries prevention, including reduced cost burden on the health care system, reduced out-of-pocket expenditures, reduction of pain and loss of teeth, decrease in esthetic concerns that may negatively impact social and emotional development, and reduced disruption on academic demands. CWF benefits both children and adults and it continues to be the most cost effective and equitable public health approach in the fight against caries. For every dollar spent on CWF, $7-$42 are saved in treatment costs, depending on the size of the community. Overall savings in healthcare costs for the period between 1990 and 2000 that are attributed to CWF are thought to have exceeded $25.7 billion.(2) One-third of our study participants lacked CWF. There was a wide range in the percentages of children with water samples indicating adequate fluoridation. In McKean County (PA), a small minority of water samples were fluoridated (3.8%), while most samples obtained from participants in Allegheny County (PA) contained adequate fluoride (93.6%). For those living in Nicholas, Washington, and Webster counties, the proportions of water samples with fluoride were 80.0%, 61.3%, and 54.1%, respectively. As stated earlier, all public water systems in Webster County are already fluoridated. In this county, children drinking non-fluoridated groundwater may benefit from other caries prevention approaches, such as fluoride supplements and topical fluoride applications. Elsewhere, we believe that introduction of CWF would benefit a significant number of children 10 years and under, by reducing the severity of dental caries.
5.0 	CONCLUSION
The focus of our study was to determine if community water fluoridation is still an important strategy in the fight against caries. Given that dental caries is the most common chronic disease affecting children in the United States, this issue is of great public health relevance. In our study, Appalachian children 10 years of age and under who drank fluoridated water were found to have 32% fewer total number of decayed, missing, and filled primary and permanent tooth surfaces (dfs/DMFS) than their peers who drank non-fluoridated water. This further supports the role of CWF as an important prevention approach in our study population. We should therefore continue to advocate for implementation of CWF in areas where water systems are not optimally fluoridated.
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